, tungsten and zinc) have been determined in four male patients during total parenteral nutrition including fat emulsion and a special solution for addition of Fe, Zn, manganese, Cu, fluorine and iodine, besides calcium and magnesium, to the infusion solutions.
The number of trace elements known to be essential for both men and animals is increasing (National Research Council, 1974; Nielsen & Sandstead, 1974; Schwarz, 1975) . There is a growing interest in the significance of the trace elements in long-term intravenous nutrition. Recently, the first report on copper deficiency in long-term parenteral nutrition was published (Karpel & Peden, 1972) . Total parenteral nutrition is defined as provision of all nutrients solely by the parenteral route, and will only be used in that sense. However, some authors (James & MacMahon, 1970) have found little evidence for the necessity to administer trace elements in total parenteral nutrition; other authors think that the trace elements should be included (Wretlind, 1975) . The first time a patient was found to be adequately fed only by intravenous nutrition including fat emulsion (Intralipid) for a sufficiently long period to be significant (more than 7 months, June 1967-February 196S) , trace elements were given without any adverse effects or any signs of deficiency (Jacobson & Wretlind, 1970; Bergstrom, Blomstrand & Jacobson, 1972 ).
The present study was done to determine the amounts of trace elements supplied I08 S. JACOBSON AND P.-0. WESTER I977 Table 2 .
$ Vitrum AB, Box 12170, S-102 24 Stockholm, Sweden. For details, see Table 3 .
\\ Vitrum AB.
9 For details, see Table 4 .
Fruktos-glukos; ACO Lakemedel AB, Box 3026, S-171 03 Solna 3, Sweden. in the infusion schedule used ('the lipid system'; Grotte, Jacobson & Wretlind, 1976) , and the balances of these trace elements in total parenteral nutrition. T h e preliminary results have been reported previously by Jacobson & Wester (1973) .
E X P E R I M E N T A L

Methods
Four adult male subjects fed only by parenteral nutrition were each studied for a period of 5 d with special reference to twenty of the trace elements (silver, arsenic, gold, bromine, cadmium, cobalt, chromium, caesium, copper, iron, mercury, lanthanum, molybdenum, rubidium, antimony, scandium, selenium, samarium, tungsten and its end in the superior vena cava was filled at 22.00 hours with 3 ml of a solution of 4 ml heparin (5000 U/ml) in 16 ml sodium chloride solution (9 g/l) and flushed with 2 ml of the diluted solution at 03.00 hours. Additional NaCl and potassium phosphate (Addex-Natriumklorid and Addex-Kalium) were given in the carbohydrate solutions.
Any necessary drugs were given intravenously. The compositions of ' Soluble Vitamin Mixture', 'Addam Electrolyte Solution' and ' Lipovit Emulsion for Adults' are given in Tables 2-4. The daily intravenous supply was: energy 102-x1.9MJ (2450-2850 kcal), glucose and fructose 300-400 g, amino acids 70 g, fat 106 g (6 g as phosphatides).
During every 5 d study, I % of all parenteral supply, and urine were collected separately and pooled for each subject for later simultaneous determination of the different amounts of the twenty trace elements mentioned previously; for three subjects, faeces were collected and for one patient the gastric suction fluid produced was also collected. Carmine was used as intermittent faecal marker. Also fasting serum samples, taken in the mornings before and after the 5 d periods of study, were analysed for trace elements. The analyses were done using an ion-exchange technique based on neutron activation and combined with subsequent gamma spectrometry (Wester, Brune & Samsahl, 1964; Wester, 1974) . Balance values were calculated as the losses in urine, faeces, and by the nasogastric tube, subtracted from the amount supplied intravenously.
Subjects The case histories of the four subjects (A, B, C, D) studied were as follows: Subject A. This subject was a 72-year-old man (height 1-74 m, body-weight 57 kg) in a state of malabsorption after a massive intestinal resection 2 years previously, due to acute occlusion of the superior mesenteric artery. He had only 0-45 m of the small intestine distal to the ligament of Treitz remaining, anastomosed end-to-end to the middle one-third of the transverse colon (Jacobson, 1972) . He was studied from the fourth day of a supporting period of total parenteral nutrition.
Subject B. This subject was a 39-year-old man (height 1-74 m, body-weight 68 kg) with chronic pancreatitis. He suffered from several acute exacerbations ending with the development of a pancreatic cyst treated by marsupialization to the stomach. During one of the preceding exacerbations of pancreatitis he was treated by total parenteral nutrition first for I week and, after a period of I week without treatment, for a further 2 weeks. The 5 d balance study of trace elements was begun from the seventh day of this second period of total patenteral nutrition for 14 d, when his abdominal symptoms had disappeared and he was in a relatively steady state.
Subject C. This subject was also a 72-year-old man (approximate height 1-70 m, body-weight 75 kg), who I year previously had had gastrointestinal bleeding. After a period of 9 months, gastric X-ray was done which showed an ulceration. A few months later, a gastric resection was done according to the Billroth I procedure. At the same time a hepatic cirrhosis was also found, and verified by biopsy. On the tenth day postoperatively, there were signs of a suture insufficiency which led to a gastrocutaneous fistula. Total parenteral nutrition was then begun and continued for more than I month. Towards the end of this intravenous regimen, the 5 d balance study of trace elements was made about 6 weeks after the operation. Subject D. This subject was a 66-year-old man (approximate height 1-85 m, bodyweight 68 kg) with an acute gastric retention. After drainage of a somewhat dilated ventricle, X-ray was done which showed a malignant deformation of the bulbus duodeni. As he had lost a few kilogrammes in body-weight in the preceding month because of the inability to eat adequately, he was preoperatively given total parenteral nutrition for 2 weeks. The 5 d balance study was started after 8 d of total parenteral nutrition. The operation showed a poorly differentiated gastric carcinoma with metastases to the lymph glands, but none in the liver. Faeces were not collected.
R E S U L T S
The administered amounts were found to be higher than the intended administered amounts for Zn and a little lower for Cu and Fe ( Table 5 ). The range of amounts of Br, Cr, Rb and W administered were wide, but for the other trace elements the amounts were rather similar for the four subjects.
The balance calculations indicated a substantial average retention of Fe of 2.3 mg, S b was also retained by all patients. An average retention was found for Ag, Co, Cr, Sc and W. However, subjects C and D had a urinary excretion of Co of 7.1 and VOl. 37
Trace element balance in parenteral nutrition I 1 1 the amount given. Amounts of urinary Cr, Cu and Sc were less than those administered for all subjects, whereas the amount of urinary W for one subject, subject B, was slightly higher than the amount administered ( Table 5 ).
Negative balances were found for Br, Cs, Mo, Rb and Se for all subjects. The urinary excretion of Cs, Rb and Se was higher than the amount administered for all subjects.
One subject, subject C, had a mean daily urinary excretion of Br of only 120pg. which was less than the analysed value for the amount administered (210pg). The urinary excretion of Mo approximately corresponded to the amount administered for three subjects, although subject B had a higher average urinary excretion (35 pgld), which was greater than the analysed value for the amount administered (8-6pg).
Br and Rb were generally lost in large quantities ( Table 5 ).
Three subjects had mean negative balances of As, Au, Cd and Zn, and two subjects had a negative balance of Hg (Table 5 ). For subject B, the amount of As administered was not determined, but his mean urinary excretion of As, 16pg/d, exceeded the amount administered for all the other subjects, whose urinary excretions of As were greater than the administered amounts throughout the study. Three subjects had urinary excretions of Au and Cd which were higher than the amount administered. Subject A, however, had a daily urinary excretion of 1-5 ,ug Cd of 1.7 ,ug Cd administered and subject D's urinary excretion of Au was 2.1 ng of 5-4 ng Au administered. Only subject A had a urinary excretion of Zn which was less than the amount administered, 0.69 and 1.67 mg respectively. Urinary Hg was only determined for subjects C and D.
The average negative balances of Cu and Zn depended mostly on the large losses by gastric suction and in urine respectively: values for both these elements were obtained for subject C who had liver cirrhosis. If the nasogastric tube losses were excluded, and assuming that subject D had a faecal Cu loss similar to the other three subjects, all subjects would have substantially retained Cu. Zn, however, was only retained by subject A with malabsorption.
The faecal losses were generally much lower than the analysed amounts administered for the trace elements studied (Table s) .
Only Rb was found to be lost in the faeces in amounts exceeding those administered, for all subjects studied; faecal Rb was not determined for subject D.
The serum concentrations of Hg and Rb were found to decrease in all subjects during the 5 d study of total parenteral nutrition. In three subjects serum Ag, Br, Co, Mo, Se and W were found to decrease, whereas serum Cu, Fe and Sc only decreased in two subjects during the period of study, although the mean values indicated a decrease ( Table 5) . A mean increase in the serum concentrations was found for As, Cr and Sb, but individually, an increase in each of these trace elements was only found in two subjects.
The direction of the serum deviations was mostly in accordance with the corresponding balance values, with the exception of Fe.
No adverse clinical effects of any kind were observed during the total parentera1 nutrition with administration of the trace element solution. cobalt, copper, iron, zinc, chromium, molybdenum, selenium, silver, arsenic, gold, bromine, cadmium, caesium, mercury, rubidium, antimony, tungsten, lanthanum, scandium 
D I S C U S S I O N
A suitable infusion schedule for long-term total intravenous nutrition was chosen for patients in steady-state without particularly increased losses of any kind. A relatively short infusion time in 24 h was preferred so the veins were not strained (McNair & Dudley, 1959; Grotte et al. 1976; . However, the subject with cirrhosis, who was undergoing gastric suction, had losses of probably both gastric and pancreatic juice and bile, as he was operated on according to the Billroth I procedure.
Trace elements established as essential for man and animals Co. Co has been known since 1935 as a dietary essential (Underwood & Filmer, 1935) . In hypertensive subjects before treatment only 0.73 -t 0.48 pg C0/24 h urine sample was found (Wester, 1973) , and in normal subjects 0.2-1*0pg C0/24 h urine sample and 3-12 pg C0/24 h faeces (Wester, 1974) .
In the parenteral study reported, the excretion of Co in the urine in 24 h was higher than that of the hypertensive subjects, whereas the faecal Co excretion was much lower. The serum levels reported were within the normal range: 052_fo*43 ng/ml, determined in healthy subjects (Wester, 1973) .
Cu. Cu has long since been established as essential for the utilization of Fe in haemoglobin formation in higher animals (Hart, Steenbock, Waddell & Elvehjem, 1928) . Minimum Cu requirements have been assessed at 0-4 mg elemental Cu/d, equivalent to I -6 mg Cu sulphate administered intravenously for maintenance therapy in a woman on indefinite parenteral nutrition due to short bowel syndrome after massive intestinal resection (Dunlap, James & Hume, I 974).
In human plasma 93 % of the Cu is bound to caeruloplasmin and 7 % to albumin (Sandstead, Burk, Booth & Darby, 1970) . Normal serum Cu, according to Wester (1973) is 1-01 ? 0.33 pg/ml; the mean level found in the present study was similar to this value. In severe Cu deficiency, with neutropenia and anaemia, a serum Cu level as low as I 10 pg/l, with a parallel serum caeruloplasmin concentration of 90 mg/l (normal 100-400 mg/l) has been reported (Dunlap et al. 1974) . This was, however, during parenteral nutrition without essential fatty acids. In the present study, the essential fatty acids were given in the fat emulsion Intralipid . This might be of importance, as recent studies suggest that low intakes of Cu promote an increase in serum cholesterol, indicating a relationship between Cu and lipid metabolism (FAO/WHO, 1973) .
Fe. The Fe content of the normal adult man is estimated to be 4-58; most of it bound in complex forms to protein, either as porphyrin or haem compounds, particularly haemoglobin and myoglobin, or as non-haem protein-bound compounds such as ferritin and transferrin. In certain diseases very large amounts of Fe may also be present as haemosiderin (Underwood, 1971 , 1g4z) , whereas postalcoholic cirrhotics excreted from I mg Zn/d in their urine (Vallee, Wacker, Bartholomay & Hoch, 1957) . Increased urinary excretion of Zn occurs in total starvation in man, reaching levels of 5-6 mg Zn/d (Spencer & Samachson, 1970) . Different mechanisms may account for the low serum Zn and high urinary Zn, as in alcoholic liver disease an increased renal clearance of Zn was found regardless of the serum level (Sullivan & Heaney, 1970) .
Increased urinary Zn losses have been found during total parenteral nutrition. Heat sterilization of both protein hydrolysates and crystalline amino acids with carbohydrates, result in the formation of sugar-amine compounds (3-6 %) (Christensen, These compounds are mostly excreted in the urine during intravenous nutrition with the heat-sterilized (autoclaved) solutions in association with a fourfold increase in urinary Zn, up to $ 5 mg/d (Freeman et al. 1975) . The explanation was thought to be that Zn was chelated to the sugar-amino compound, since amino acid binding of Zn was not a factor, such as simultaneous increase in both urinary Zn and histidine, which can occur after a histidine load with excessive plasma histidine levels (Prasad & Oberleas, 1970) . However, the amino acid solution used in the study reported, Vamin, contains ~o o g fructose/l. It is sterilized by microfiltration and mild varm treatment, which does not give rise to any appreciable amount of sugar-amino compounds (I. H&kansson, personal communication).
The dietary requirement of Zn for children and young women has been estimated to be 6 mg/d (Tribble & Scoular, 1954; Engel, Miller & Price, 1966) , whereas adults have a slightly higher dietary requirement (Halsted, Smith & Irwin, 1974) . In the present parenteral study only 1.8 mg Zn/d was given, with a resulting mean negative balance.
The only subject who retained Zn was subject A, with a short bowel, but even his urinary excretion was twice that in the faeces. The low faecal Zn excretion of subject B may be explained by his chronic pancreatitis, with probably only a small production of pancreatic juice, but the large urinary excretions of subjects B and D, 2.1 and 2-4 mg Zn/d respectively, are difficult to explain, although occasionally a high urinary excretion of Zn has been reported in patients with pancreatic insufficiency (Wester, 1971 ). The urinary excretion of 4.1 mg Zn/d in subject C with postalcoholic cirrhosis is more consonant with the earlier reported findings. Although sugar-amino compounds have not been found in the amino acid solution used, their presence would explain the high urinary Zn excretion in the total parenteral nutrition studied.
In plasma about one-third of the Zn is loosely associated with the serum albumins, and the remainder is more firmly bound to the globulins, particularly the a,-globulin fraction (Wolff, 1956; Sandstead et al. 1970; Walker et al. 1973 ). The Zn content of serum is consistently higher than that of plasma; on average 16% higher (Foley, Johnson, Hackley, Smith & Halsted, 1968) . Fasting plasma Zn concentrations have been reported to be significantly lower in patients with cryptogenic cirrhosis (0.71 &ml) and malabsorption (0.76 pg/ml) than in controls (0.97 ,ug/ml) (Walker et al. 1973 ). The serum content of healthy subjects has been estimated to be 0.95 f o.M,ug Zn/ml (Wester, 1973) .
In the present parenteral study the mean serum Zn level was normal. In subject A, however, with a short bowel syndrome, low serum values were found which might be correlated both with his atherosclerosis (Volkov, 1963) , and with malabsorption, with a tendency to develop pernicious anaemia (Vallee & Gibson, 1949) . In subject C, who had cirrhosis, the serum Zn was normal, although Zn balance was substantially negative.
Trace elements known to be essential to animals Cr. Trivalent Cr is an essential trace element, and has recently been established as a cofactor with insulin, necessary for normal glucose utilization (Mertz, 1969 Schroeder, Balassa & Tipton, 1962) , whereas by neutron activation analysis an ordinary hospital diet has been found to provide 16-67 ,ug Crfd (Bostrom & Wester, 1968; Wester, 1974) . These values are within the same range as those found in the present study. Injected Cr in the rat is excreted mainly in the urine with small amounts lost in the bile and small intestine (Hopkins, 1965) . Urinary Cr has been found to vary between 2 and 27 pg/24 h, being lower than the intake on every occasion (Bostrom & Wester, 1968; Wester, 1974) . In healthy women a narrow range of 6-10 pg Cr/d in the urine has been reported (Mitman, Wolf, Kelsay & Prather, 1975) . In some subjects a substantial Cr retention has been found (Bostrom &Wester, 1968) . In the present study the urinary excretion accounted for a large proportion of the Cr losses resulting in a small mean retention. Cr disappears from the blood quite rapidly after injection and the concentration in blood is not in equilibrium with the tissue stores (FAO/WHO, 1973) . Consequently, blood is a poor indicator of the Cr status. Cr supplements of 15opg/d administered to older subjects have resulted in a restoration to normal of the serum Cr increment response (FAO/WHO, 1973) .
Mo. Mo is essential in animal nutrition, first suggested in 1953 with the discovery that flavoprotein enzyme, xanthine oxidase (EC I .2.3.2) is a Mo-containing metalloenzyme which is dependent for its activity on the presence of this metal (de Renzo, Kaleita, Heytler, Oleson, Hutchings & Williams, 1953 a, b ; Richert & Westerfeld, 1953) . However, there is no evidence to suggest that any clinical syndrome in man is directly attributable to a deficiency of Mo (FAO/WHO, 1973) . In the urine of schoolchildren a mean Mo concentration of 33pg/l has been found (FAO/WHO, 1973) , whereas by the neutron activation technique a urinary excretion range of 25-25opg/24 h has been reported for adults (Bostrom & Wester, 1968; Wester, 1973, The dietary intake of Mo varies widely. An ordinary hospital diet provides between 4-100opg Mo/d (Tipton, Stewart & Martin, 1966; Bostrom & Wester, 1968; Wester, 1971 Wester, , 1974 . This resulted in both positive and negative balances, and as high a faecal Mo excretion as ~~o o p g l d has been reported (Wester, 1971) . Allaway, Kubota, Losee & Roth (1968) found that more than 80 % of whole blood samples contained less than 5 ng Mo/ml, and only about 3 yo contained more than IOO ng Mo/ml, whereas Wester (1973) found 5.6 & 2-1 ng Mo/ml serum. Se. Discovered in 1817 by Berzelius, Se is widely used in pigment, electronics, glass, ceramics, and the steel industries (Louria et al. 1972) . The essentiality of Se for chicks, with a role beyond that of a substitute for a normal intake of vitamin E, has recently been established (Thompson & Scott, 1969, I970) , but neither Se deficiency nor Se poisoning has been clearly established in human populations (Burk, Pearson, Wood & Viteri, 1967) .
Se deposition in the tissues is highly labile. The results of studies on rats and lambs have indicated that, after injections of stable or radioactive Se, the retained Se is lost from the tissues, at first rapidly and then more slowly. It is excreted in the faeces, the 1974). Lopez, Preston & Pfander, 1969) .
The main pathway of excretion of Se is the urine, but this is influenced by sulphate. Thus, the urinary excretion of Se, after an intraperitoneal dose of sodium selenate, was increased nearly threefold in rats given increased amounts of sulphate parenterally, or in the diet (Ganther & Baumann, 1962 ).
An ordinary hospital diet provides 23-zoopg Se/d (Bostrom & Wester, 1968; Wester, 1971 Wester, , 1974 ).
Trace elements not established as essential for man or animals
Ag. Ag has only occasionally been determined in the balance studies of trace elements. In an ordinary hospital diet 1.4-16,ug Ag/d were supplied (Wester, 1971) . This is more than the parenteral supply found for all subjects. In a balance study of two subjects with pancreatic insufficiency 0*82-1-0 ,ug A g / q h was found in the urine (Wester, 1971) . This is also more than the values found in the parenteral study.
The normal concentration of Ag in serum has been reported to be 0.9 k 0.4 n g / d (Wester, 1973) . In the parenteral study, only the subject with gastric carcinoma (D) had serum values clearly below this range.
As. As is widely distributed in the biosphere, both in the air and in the water.
A normal hospital diet has been found to supply both a low range of 8-4-66 pg As/d (Bostrom & Wester, 1968) and a wide range Of 40-1400 pg As/d (Wester, 1971 (Wester, , 1974 . Using neutron activation analysis, a mean value of 0.004 pg As/g whole blood has been reported (Brune, Samsahl & Wester, 1966), which is somewhat higher than the levels found in this study.
Au. Au, like Ag, is only occasionally determined in balance studies of trace elements.
In an ordinary hospital diet 4-30 ng Au/d were supplied (Wester, 1974 ) (40-220 ng Auld, Bostrom, & Wester 1968). This intake greatly exceeds the parenteral administration for all but one of the subjects studied.
In serum, Au concentrations from 2-20 pg/ml have been reported (Wester, 1971 ). All the serum values of the present parenteral study were within the same range.
BY.
Br is present in the ordinary hospital diet in large amounts. Daily Br intakes of 3.9-6-8 mg and 0.6-4'8 mg have been reported (Wester, 1971 (Wester, , 1974 , sometimes resulting in substantially positive Br balances. Consequently, in the reported study the low supply resulted in a negative balance mainly attributable to the high urinary excretion rate.
By neutron activation analysis, a mean whole blood concentration of 2.75 pg Br/g has been found (Bowen, 1959), and in serum 3.7 k 1-5 pg Br/ml (Wester, VOl. 37
Trace element balance in parmteral nutrition 125 quantities of infusion solutions used in the total parenteral nutrition studied seem to supply adequate basic amounts of trace elements, essential for human nutrition ( Table I) . Based on the balance results some tentative recommendations will be given in Table 6 , for the basic administration of trace elements to adults without unusual losses or any deficiencies. However, the supply of Cu could probably be increased to 300 pg/d and that of Fe to I mg/d with respect to the serum concentrations found.
